per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 * 

C12N 15/54, C12P 13/12 
C12N 15/60, C12P 13/04 



Al 



(11) Internationa] Publication Number: WO 93/17112 

(43) International Publication Date: 2 September 1993 (02.09.93) 



(21) International Application Number: PCT/US93/0 135 1 

(22) International Filing Date : 1 6 February 1 993 (16.02^3) 



(30) Priority data: 
07/839,518 



20 February 1992 (20.02.92) US 



(71) Applicant: GENENCOR INTERNATIONAL* INC. [US/ 

US]; 180 Kimball Way, South San Francisco, CA 94080 
(US). 

(72) Inventor: LIEVENSE, Jefferson, Clay ; 587 Pinegrove Ave- 

nue, Rochester, NY 14617 (US). 

(74) Agent: KRUPEN, Karen, I.; Genencor International, Inc., 
180 Kimball Way, South San Francisco, CA 94080 (US). 



(81) Designated States: CA, JP, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE). 



Published 

With international search report 
Wait amended claims. 



(54) Title: BIOSYNTHESIS OF METHIONINE USING A REDUCED SOURCE OF SULFUR 



L-Asportic odd 



L-Homoserine 





0-Acyl-L-homosertne ■ 



O-Phosphohomoserine 



2 (Plant) 



L-lhreonine 



1 



L-Cysteme 



"Organic acid 
Phosphate (Plant) 

(.-Cystathionine 



1 



Pyruvate, NH 3 



L-Homocysteine • 




CH3-W 
THF 



(57) Abstract 



L-Methionine 



There are provided methods for the fermentation synthesis of methionine and homoserine using a reduced source of sulfur 
such as sulfide or methylmercaptan ; and/or by modifying the methionine biosynthetic pathway in a producing microbe. Also 
provided are methods for the fermentation synthesis of methionine and homoserine using an oxidized sulfur source such as sul- 
fate, sulfite or thiosulfate; and/or by modifying the methionine biosynthetic pathway in a producing microbe. 



<WO S317112A1J_> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCI' on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


PR 


France 


MR 


Mauritania 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


BB 


Barbados 


CB 


United Kingdom 


NL 


Netherlands 


BE 


Belgium 


CN 


Guinea 


NO 


Norway 


BF 


Burkina Faso 


CR 


Greece 


NZ 


New Zealand 


BG 


Bulgaria 


HU 


Hungary 


PL 


Poland 


BJ 


Benin 


IE 


Ireland 


PT 


Portugal 


BR 


Brasil 


rr 


Italy 


RO 


Romania 


CA 


Canada 


JP 


Japan 


RU 


Russian Federation 


CF 


C«ntrul African Republic 


KP 


Democratic People's. Republic 


SD 


Sudan 


CC 


Congo 




of Korea 


SB 


Sweden 


CH 


Switnztland 


KR 


Republic of Korea 


SK 


Slovak Republic 


a 


Cote d'lvotrc 


KZ 


Kazakhstan 


SN 


Senegal 


CM 


Cameroon 


U 


Liechtenstein 


SU 


Soviet Union 


cs . 


CVechuskmikia 


lk 


Sri l^nka 


TO 


Chad 


cz 


Cicch Republic 




lajxcmhotirg 


TC 


logo 


DE 


Germany 


MC 


Monaco 


UA 


Ukraine 


DK 


Denmark 


MC 


Madagascar 


US 


United Stale* of America 


BS 


Spain 


Ml. 


Mali 


VN 


Viet Nam 


Ft 


Finland 


MN 


Mongolia 







BNSDOCID: <WO 9317112A1_I_> 



WO 93/17112 PCT/US93/01351 

BIOSVNTOESTS OF MEnTK3MTMPj 
USING A mtmnan fioriagE of snupR 

BRCK5R0OND OF TOE INVHCTKM 

Methionine is an essential amino acid in the diet of animals and is used 
widely as a food and feed supplement. It is conventionally produced by 
various multi-step chemical syntheses which generally employ acrolein, 
methyl mercaptan, and cyanide as starting materials. (H.H. Szmant, "Organic 
Building Blocks of the Chemical Industry/' page 182, John Wiley & Sons, New 
York, 1989.) There are two resulting product forms: D,I/-methionine and its 
hydroxy analog. Unlike all other amino acids, D-methionine is converted to 
the required Inform in vivo . As a result, chemical syntheses, which 
typically result in the D,L mixture, are feasible and cost-effective in this 



However, fermentation production methods, which are common wt-h 'T l g for 
making many low-cost amino acids r do not exist in the case of methionine. 
(K. Aida, I. chibata, K. Nakayama, K. TSakinami, and H. Yamada, 
bio t ech nology of Amino Acid Production, " P r o gress in IndustrtHai 
Microbiology 24. Elsevier, 1986.) This is surprising given that the 
biochemically related essen tia l amino acids lysine and threonine are both 
produced cost-effectively by fermentation methods using inexpensive raw 
materials such as molasses, starch hydrolysates, earn steep liquor, and soy 
hydrolysates. (See far example: P.L. Rogers, R.G. Cail, D.F. Midgley, and 
C. Fryer, "The Prospects for Ir-Iysine Production in Australia,** Food 
Technology in Australia 38, pp. 514-518, 1986; and S. Furukawa, A. Ozaki, 
and T. Nakanishi, "L-lhreonine Production by Ii-Aspartate- and Ir-Homoserine- 
resistant mutant of Escherichia coli, " Applied Microbiology and 
Biotechnology 29. pp. 550-553, 1988.) 

Various microbes have been used to produce 3>lysine and Irthrecnine. These 
have been developed through Haccirai methods of mutagenesis and selection 
as well as genetic engineering. (K. Aida, supra.) Greatest success has 
been realized historically with the Corvnebacteria and Brevibacteria. but it 
is also clear that other microbes such as Escherichia coli are viable. 

Shere is a need for methods to reduce the metabolic cost and complexity of 
methionine biosynthesis, ideally making it similar to that for lysine or 
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threonine, such, that an economical fermentation production of methionine is 
possible, 

SCMMKRy OF THE TbtvmxFlCH 

There are provided feasible fermentation mpthnds for methionine synthesis 
congzrising the use of reduced sulfur compounds instead of sulfate as the 
f ermenta tion sulfur source and/ or comprising re-designing and thereby 
simplifying the biochemical pathway. Also provided are fermentation 
Tret-hois far homocysteine synthesis comprising the use of reduced sulfur 
compounds instead of sulfate as the fermentation sulfur source and/ or 
comprising redesigning and thereby simplifying the biochemical pathway. In 
a preferred embodiment of the p r ese nt invention the reduced sulfur so urce is 
hydrogen sulfide, methyl mercaptan or salts thereof. 

Xn another preferred embodiment of the present invention there are provided 
improved methods for such fermentation p roc e ss e s comprising re-designing or 
modifying and thereby simplifying the bicchemical pathway. 

BRIEF DESCKCraiON OF THE DRAWINGS 

Figure la is the ixmmuii hi< .»-; y ul het ic pathway to Lysine, Methionine and 
Threonine in Tter^wH cnia coli , 

Figure lb is the Ibreonine biosynthetic pathway in Bscheric>vi» coli. 

Figure lc is the lysine b ios y iithetic pathway in Escherichia coli . 

Figure id is the Methionine biosynthetic pathway in Escherichia coli . 

Figure 2. Variations in the pathways far Methionine biosynthesis: (1) 
Transsulfurylation pathway; (2) Solfhydrylatian pathway; (3) 
Methylsulfhydrylation pathway. 

DEIMLED DESCRTTnTnw OF TOE INVENTION 

Die present invention relates to methods far the f e rm e ntation synthesis of 
methionine and homocysteine* To understand why a cost-effective 
fermentation method far methionine synthesis does not exist, whereas such 
methods are available far lysine and threonine, it is instructive to 
c on s ider in mare detail the differences among the methionine, lysine, and 
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threonine biosynthetic pathways. All three amino acids are biochemically 
derived from the same intermediate metabolite, aspartic add (Fig. 1) . In 
fact, threonine and methionine also share additimal biochemical steps and 
the common intermediate homoserine. But the syntheses diverge substantially 
when their specific pathway branches are considered (Fig* 1) . These are 
u-m^.temrid in Table X (J.I*. Ingrabam, O. Maaloe, and F.C. Heidhardt, "Growth 
of the Bacterial Cell, w pp. 122-135, Sinauer Assoc., Inc., Sunderland, 
Mass. , 1983.) The pathways p re se nt in JL. coli are chosen as a basis of 
comparison, recognizing however that there is diversity in these pathways 
among microbes and plants and that this comparison shnulri in no way be 
interpreted as limiting the present invention to pathways using coli . 
(K.H. Herrmann and R.L. Scnerville, Chapters 9-13 in "Amino Acids: 
Biosynthesis and Genetic Regulation, * Add i son-Wesley Publishing Co. , 1983; 
W.B. Jakoby and O.W. Griffith, Section TTT.D. in Methods in Enzynoloay 143, 
Academic Press, New York, 1987.) 

Table I 

Biochemical Building Blocks Needed to Synthesize 
Lysine. Threonine, and Methionine 

Amino Acid Aspartate 

Lysine l 
Threonine l 
Methionine l 

It is evident from Table I that the biochemical energy requirements for 
methionine biosynthesis, in terms of adenosine triphosph a te (ATP) and 
reduced nicotinamide adenine di nucleotide phosphate (NADEH) , are about 
three times higher than for lysine and threonine. This is due to the 
requirements of sulfate assimilation (J.L. Ingraham, supra .) A total of 
three moles of ATP and four moles of NADEH are required to biochemically 
red uc e sulfate to sulfide. Two additional moles of ATP are required, one 
each to transport sulfate into the cell and to incorporate sulfide into 
cysteine. It is cysteine, finally, that serves as the sulfur donor in the 
biosynthesis of methionine (Fig. 1) . In addi tion, methionine biosynthesis 
uniquely requires the incorporation of a methyl group (Fig. 1, Table I) • 
This is derived as 5- methyl-terxahydrofolate (CH3-THF) from the conversion 
of serine to glycine. Clearly considering the foregoing, the metabolic cos t 
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and complexity of synthesizing methionine with sulfate as the sulfur source 
is much greater than that far lysine car threonine. 

mere is natural diversity among microbes and plants in t±ie biosynthesis of 
met±iianine. This is represented nrhPuwH rally by Figure 2 and can be 
summarized as follows (K.M. Herrmann, gnprap w.B. Jakoby, supra; F.C. 
Neidhardt, Chantpr 27 in Escherichia coli and fsaimn^na tvphiimirium, 
American Society fear Microbiology, Washington, D.C. , 1987; H. Dixon and E.C. 
Webb, "Enzymes," 3rd edition. Academic Press, New York, 1979; S. Yamagata, 
Bicchimie 71 (1989) 1125-1X43):. 

1) In the methionine biosynthetic pathways of all microbes, homoserine is 
first activated either by succinyl-OoA fE. coli and |L_ tvehimur ?^) car 
acetyl-CoA (fungi, yeast, and bacteria such as ^p^i ^cteriutn and 
Bacillus! . These reactions are catalyzed by hemoserine 
s ucc i n y ltran sf erase (EC 2.3.1.46) and hemoserine acetyltransferase (EC 
2.3.1.31), respectively. 

2) In the methionine biosynthetic pathway of plants, homoserine is 
activated by OTP in a reac t io n catalyzed fcy homoserine kinase (EC 
2.7.1.39) . Ihe homoserine kinase reaction also occ u r s in microbes, 
but the resulting O-phosphohamoserine is an intermediate in threonine, 
but not methionine, biosynthesis. Onus in plants O-phosphchomoserine 
is the branchpoint between the methionine and threonine pathways, 
vfoereas in mi probes the branchpoint is homoserine. 

3) In the microbial transsulfurylation route to methionine, 
acylhcsnoserine, in reactions catalyzed by o-succixylhomoserine 
(thiol) -lyase (EC 4.2.99.9) and cystathionine 0 -lyase (EC 4.4.1.8), 
a c c epts reduced sulfur from cysteine to give homocysteine. (O- 
Succii^lhomoserine (thiol) -lyase is also known as cystathionine 7- 
synthase.) 

4) In the microbial sulfhydrylation route, homocysteine is produced 
directly from acylhamoserine and sulfide by O-succinylhcmceerine 
(thiol) -lyase or O-acetyl hnmnsprine (thiol) -lyase (EC 4.2.99.10). O- 
acetylncmsserine (thiol) -lyase is also known as homocysteine synthase 
and methionine synthase. 

4 
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5) In the Tninrrihial methylsnl fhyorylation route, inethionine is produced 
directly from acylhomoserine and methyl mercaptan Jay O- 
succinylhrmv^prine (thiol) —lyase or O-acetylhomoserine (thiol) -lyase. 

6) Hie transsulfhydrylaticn and sul fhyorylation routes in plants are 
catalyzed by cystathionine 7-synthase. Hie plant enzyme cystathionine 
7 -synthase is distinct from EC 4*2.99.9 and is unique in using O- 
phosphohomoserine as a substrate. 

7) Homoserine is a poor substrate of O-aoetylhomoserine (thiol) -lyase, 
except in the case of the enzyme from Scfaizosaccharcmvces pombe (S. 
Yamagata, sunral . 

The methionine biosynthetic enzymes above belong to the group of pyridoxal 
phosphate-containing enzymes. These are flexible catalysts known to car ry 
out various elimination and replacement reactions. (C. Walsh, Chapter 24 in 
"Enzymatic Reaction Mechanisms, " W.H. Freeman & CD. , San Francisco (1979) • 
Another of this group, tryptophan synthase converts serine and sulfide, at a 
very hic£i rate to cysteine (K. Jshiwata, T. Nakamura, M. Shimada, and N. 
Makiguchi, "Enzymatic Production of L-Cysteine with Tryptophan Synthase of 
Escherichia coli. " J. Fermentation and BioencrineQrina 67 ; 169-172, 1989). 
T5iis reaction is analogous with the reaction of homoserine and sulfide. 

The various reactions relating to sulfur incorporation and methionine 
biosynthesis have yet to be considered in the design of a viable 
fermentation method. The use of sulfide or methyl mercaptan instead of 
sulfate reduces rhe mptaholin cost of methionine synthesis to the levels of 
lysine and threonine. In the present invention two ATP and three NADFH are 
required since the active tran s por t of sulfate, reduction of sulfate, and 
synthesis of cysteine are all eliminated. 

Use of sulfide or methyl mercaptan also reduces the metabolic complexity of 
methionine biosynthesis since the biosynthesis of cysteine and, in the case 
of methyl mercaptan, CH3-THF are eliminated. Further simplification is 
possible and may be desirable by adapting the plant biosynthetic pathway to 
microbes by methods known to those skilled in the art. Since homoserine 
kinase is already present as an enzyme functioning in the nrfranrfrnai 
threonine pathway, this modification requires only introduction of plant 
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cystathioni n e y-lyase activity. This could be accomplished by structurally 
modify ing microbial o-erylhomoserine (thiol) -lyase or by expressing plant 
cystathionine y-lyase in the producing microbe. Alternatively, structural 
m o dificat ions could be made in these enzymes or other candidate pyridaxal 
phosphate enzymes such, as tryptophan synthase in order to effectively use 
homoserine directly as a substrate in sulfur incorporation. Or the O- 
acetylhomaserine (thiol) -lyase from j3-_ pambe could be used without 
modification. 

While reduced farms of sulfur would be preferred to TniTvtwi^ the requirement 
for biochemical energy, other more oxidized farms of sulfur are also 
beneficial. As described above, an improvement * *™ niijh metabolic 
simplification results whenever sulfide, rather than cysteine, is 
incorporated directly into homoserine or an activated derivative, ifaw mare 
oxi dized farms such as sulfate, sulfite, and thiosulfate may be provided as 
sulfur sources and biochemically reduced to sulfide. Sulfite and 
thiosulfate also diminish the need for Hirr*imir>avi energy relative to 
sulfate since they are more reduced farms, ait-^yjh the energy requirement 
is greater than for sulfide or methyl mercaptan. 

By redu c ing the complexity of the methionine biosynthetic pathway, -the 
engagement of microbial metabolism in methionine o wa u rtur^-ynn is 
extensive. Ohis reduces the number of genetic changes that must be 
intro du ced into the producing microbe by r»l»ggjraT or genetic engineering 
methods in order to de-regulate methionine biosynthesis and limits the 
disruption of microbial Tnpfatmiigm j in general. As u s^d herein, "de- 
regulate" means any effect on the self-regulation of the m icrobial 
metahol i r^m for example, any effect on inicxobial self-regulation by feed-back 
inhibition or repression. Such de-regulation can be achieved through 
methods known to those skilled in the art such as for example, classical 
mutagenesis and selection or genetic engineering. 

Hie net result is to transform the methionine biosynthetic pathway to one 
that compares favorably with those far lysine and threonine in terms of 
metabolic cost and complexity. In this way, a feasible fermentation mg+Vinri 
of methionine production can be realized. 
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EXFERMENT&L 

She following disclosure is intended to serve as a representation of 
embodiments herein, and should not be construed as limiting the scope of 
this application. 



Methionine Pro dugHan yia Arylhcmoserlne 
^Sulfhvdrvlation Routed 

Ez. ooli- C*. alutaitricum. and JL. flavum are de-regulated for homoserine over- 
production ry classical or genetic engineering methods. One sulfhydrylation 
route to methionine is introduced into these microbes Joy transforming them 
with plasmid(s) encoding homoserine acetyltransf erase, O^acetylhcmoserine 
(thiol) -lyase, and homocysteine methylase. Ihe parent and transformed 
microbes are cultivated individually in a fermentation containing 
glucose, soy hydrolysate, and inorganic nutrients. One mh^™ is 
supplemented either with sulfate or sulfide as a source of sulfur for 
methionine production. Table I indicates the relative amount of methionine 
that is produced by each strain. 



Table I 

Methionine 



Microbe 


Sulfur Source 


Produced* 


E. coli parent 


sulfate 




E. coli parent 


sulfide 




E. coli transformant 


sulfate 


+ 


E. coli transformant 


sulfide 


++ 


C. alutamicum parent 


sulfate 




C. alutamicum parent 


ail ■Firte 




C. alutamicum transformant 


sulfate 


+ 


C. alutamicum transformant 


sulfide 


-H- 


B. flavum parent 


sulfate 




E*. flavum parent 


sulfide 




B. flavum ti'rinsf ormant 


sulfate 


+ 


B. flavum transformant 


sulfide 


-H- 



* low (-), medium (+) , high (++) 
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fSulfhvyfrylatim Route* 
Hie parent strains of Example 1 are rMOf»t-ert for homocysteine metnylase activity. 
Otoe microbes are then transformed with plasmid(s) encoding horooserine 
acetyltransf erase and O-acetylhomoserine (tniol) -lyase. Die homocysteine 
methylase negative parent and transformed microbes are cultivated as in Example 
1. Table II indicates the relative amount of homocysteine that is produced by 
each strain. 





Table rr 




Microbe* 




Homocysteine 


Sulfur Source 


Produced** 


E. coli parent 


sulfate 




E. coli parent 


sulfide 




IL_ coli transfarinant 


sulfate 


+ 




sulfide 


++ 


C. alirfcamicuni p^r^ni 


sulfate 




C. alutamicum parent 


sulfide 




C. CTlutaroicum traTisfrsr-nwTTf- 


sulfate 


+ 


C. alutamicum transfcrmant 


sulfide 


-H- 


B. flavuro parent 


sulfate 




B. flavura parent 


sulfide 




B. flavutn < irn-ric, r i » iinrrl- 


sulfate 


+ 


B. flavum transformant 


sulfide 





*A11 strains lack homocysteine methylase activity 
**low (-), mprHimi (+) , hicfr (++) 



"p^^Trple 3 

Methionine Production via Acylhomoserine 
fM^ryiCTii-F hydrvlation Routed 

The strains of Example 2 are cultivated as in Example 1 except that 
nethylmercaptan is supplied as the supplemental sulfur source, t^hip ttt 
indicates the relative amount of methionine that is produced by each strain. 
Methionine production is indicative of a functioning msthylsulfhydrylation 
pathway. 
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Table m 

aerobe* Produced* * 
E. coli parent - 
E. coli transf oooant ++ 

C. rfhiJ-airrimm parent - 

C. alutamicum transf armant ++ 
Ba. flavum p are nt - 
jBa. flavum transf armant ++ 



*A11 sixa ins lack homocysteine methylase activity 
**lcw (-) , high (-H-) 



Example 4 

Methionine Production via Phosrhchomoserlne 
^ilfhvdrylation Route) 

The parent strains of Example l are transformed with plasmid(s) encoding 

h e m oserine kinase, plant cystathionine 7 -synthase and homoc y steine methylase. 

Hie parent and transformed microbes are cultivated as in Example 1. Table IV 

indicates the relative amumiL of methionine that is produced by each strain. 





Table TV 




Microbe 


Sulfur Source 


Methionine 


E, coli parent 


sulfate 




E. coli parent 


sulfide 




E« coli transf annant 


sulfate 


+ 


E. coli transf armant 


sulfide 


++ 


C. alutamicum parent 


sulfate 




C. alutamicum parent 


sulfide 




C. alutamicum transf armant 


sulfate 


+ 


C. alutamicum transf armant 


sulfide 


4+ 


Bp flavum rarent 


sulfate 




B. flavum parent 


sulfide 




JL. flavum transf drmant 


sulfate 


+ 


B. flavum transf armant 







* low (-), medium (+), high (++) 
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Methionine Production via T^jsctvdhrrn^stsr^r^ 

Ibe ae l p t-Ff i parent strains of Example 2 are transformed with plasmid(s) encoding 
homoserine kinase and plant cystathionine 7-synthase. One p arent and transformed 
microbes are cultivated as in Example 3. Table V indicates the relative amount 
of m=£thionine that is produced by each strain* 

Microbe* 
E.. coli parent 

C. alutamaicum parent 
C. olutamicum. transf ormant 
B. flavum parent 
B. flavura txansf otrmant 




*A11 strains lack, homocysteine methylase activity and were 
supplied with methylmercaptan 

**lew (-), high. (++) 

Methicgiine Production via Homoserine 
fginfhYrtryi^ tion Routed 

The parent strains of Example l are Hoiof«*i far their homoserine 

acyltransferase activity. The microbes are then transformed with 

plasmid(s) encoding O-acetylhoraoserine (thiol) -lyase from S^. pombe and 

hcaDocysteine methylase. Use parent and transf armed microbes are 

cultivated as in Example 1. Table VT indicates the relative a mo unt of 

methionine that is produced by each strain. 



* 



10 



BNSDOCID: <WO sai7U2A1_L> 



WO 93/17112 



PCT/US93/01351 



Microbe* 


Sulfur Source 




E. ooli parent. 


sulfate 


— 


E. coli parent 


sulfide 


— 


E. col^ transf ormant 


sulfate 


+ 


E. coli txansf ormant 


snlfirtp 


+1 


C. alutamicum parent 


sulfate 


— 


C. alutamicum parent 


sulfide 




C, alutamicum txansf ormant 


sulfate 


4 


C. alutandLcuni transf armant 


sulfide 


4H 


B. flavum parent 


sulfate 




B. flavum parent 


sulfide 




B. flavum transfarmant 


sulfate 


4 


B. flavum transfannant 


sulfide 


44 



*A11 strains lack hamoserine acyltransf erase activity 
**low (-), medium (4), high (44) 



. Example 7 

Methionine Production via Hamoserine 
fWe^lmii-Fhvdrvlati cart Routed 

Hie deleted parent strains of Example 6 are transf canned with a plasmid 

encoding cVaoetylhcsnoserdjie (thiol) -lyase from pombe « One parent 

and transformed loicrobes are cultivated as in Example 3. Table VXX 

indicates the relative amount of methionine that is produced by each 

strain. 

Table TO 

Methionine 

Microbe* Produced* * 
E. coli parent — 
E. coli transf armant 
£s- alutamicum parent 

C. alutamicum transf ormant -h- 
2L. flavum parent - 
2L. flavum transf ormant ++ 



*A11 strains lack hamoserine acyltransf erase activity 
**low (-), high (44) 
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WHflT IS <TATMEn Tfi? 

1. A method for enhancing methionine production in a fermentation process of a 
miem Mai cell fcy modifying the methionine hiosynthetic pathway of said cell 
comprising the steps of s 

1. transforming or transducing a homoserdne-activating enzyme gene 
fragment capable of expressing said hamoserine-activating enzyme and a 
sulfur-incorporating enzyme gene fragment capable of expressing said sulfur 
enzyme into said cell; 

ii. growing said cell under such, conditions that tr ansfor mation or 
transduction of both gene enzymes are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur compound other than cysteine or methionine 
to Fajri transformed or transduced cell as the sulfur source far methionine 
production* 

2. The meth'yi of 26 herein said exogenous sulfur compound is a reduced 
sulfur compound consisting of hydrogen sulfide, methyl mercaptan or a salt 
thereof. 

3. One ™=*->y«* of r^aim 26 wherein said exogenous sulfur cxHmpound is an oxidized 
sulfur compound consisting of sulfate, sulfite or thiosulfate. 

4. The method of ma-hn 27 or 28 wherein said homoserine-actxvating enzyme is 
selec ted from the group consisting of homoserine kinase, homoserine 
acetyltransf erase and homoserine succinyltransf erase. 

5. The method of 27 or 28 wherein said sulfAor-incorporating enzyme is 
fgeler tgd from the group consisting of O-succdnylhOToceerine (thiol) -lyase, O- 
acetylhomoserine (thiol) -lyase and plant cystathionine gamma synthase. 

6. The method of claim 27 wherein said sulfur-incorporating enzyme converts 
homoserine and said hydrogen sulfide or a salt thereof directly to homocysteine. 

7. The method of rflaim 27 wherein said sulfut>incarporating enzyme con v er ts „ 
homoserine and said methyl mercaptan or a salt thereof directly to methionine. 
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8. The method of claim 28 wherein said sulfur^iixsarparating enzyme converts 
hcmoserlne directly to homocysteine. 

9. A method for enhancing homocysteine production in a fermentation p T**"" ^ ** of 
a microbial cell by modifying the methionine biosynthetic pathway of rai^ cell 
comprising the steps of: 

i. transfor ming or transducing a hanoserine-activating enzyme gene 
fragment capable of expressing any said homoserine-activating enzyme but 
not including homocysteine methylase, and a sxilfur^incorporating enzyme 
gene fragment capable of expressing said sulfur enzyme into mirt cell; 

ii. growing said cell under such conditions that transformation or 
transductioai of bo th gene enzyme fragments are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur cxsnpound other than methionine or cysteine 
to the said transformed or transduced cell as the sulfur source for 
homocysteine pro duct io n . 

10. The method of claim 34 wherein said exogenous sulfur compound is a reduced 
sulfur compound consisting of hydrogen sulfide, or a salt thereof. 

11. The method of claim 34 wherein said exogenous sulfur compound is an oxidized 
sulfur ccnpound consisting of sulfate, sulfite or thiosulfate. 

12. The method of claim 35 or 36 wherein said hcmoserine-activating enzyme is 
sele ct ed from the group consisting of hnmnserine kinase, homoserine 
acetyltransf erase and homoserine succinyltransf erase. 

13. The method of claim 35 or 36 wherein said sulfur-incorporating enzyme is 
selected from the group consisting of O-succinylhomoserine (thiol) -lyase, O- 
acetylhamoserine (thiol) -lyase and plant cystathionine gamma synthase. 

14. The method of claim 35 wherein said sulfur-incorporating enzyme converts 
homoserine and said hydrogen snlfirfr* or a salt thereof directly to homocysteine. 

15. The method of claim 36 wherein said sulfur-incorporating enzyme c onv erts 
homoserine directly to homocysteine. 
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16. Tbe method of claim 26 or 34 wherein said transformed get transduced cell 
produces an amino acid that is greater than said amino acid of a nan-transf armed 
ar transduced cell* 

17. One method of rlaiai 26 or 34 Wherein said transformed or transduced ^11 is 
selected from the group consisting of OaryneJbacteria, BretdJbacteria or 

coll. 
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[received by the International Bureau on 3 August 1993 (03.08.93); 
original claims 2-8, 10 and 17 amended; other claims unchanged (3 pages)] 

1. A method fox enhancing methionine production in a fermentation p roc ess of a 
TniTPblal cell ty modifying the methionine biosynthetic pathway of said cell 
comprising the steps of: 

i. transforming or transducing a homoserine-^ctivating enzyme gene 
* fragmm t capable of expressing said hamoserine-activating enzyme and a 

«ii "P ittw i n * ir ^ » w a +Atvj enzyme gene fragment capable of expressing said sulfur 
enzyme into said cell; 

ii. growing said cell under such conditions that txansf ormation or 
'transduction of both gene e nz ymes are effected; 

iii. recovering a *r r** ^ f^n**"* cr t^ansduopd cell; and 

iv. ackiing an exogenous sulfur < xmixmnd other than cysteine or methionine 
to said transformed or transduced cell as the sulfur source for methionine 
frttOduction. 

2. The method of ^*4tb 1 wherein said exogenous sulfur compound is a reduced 
sulfur compound consisting of hydrogen sulfide, methyl mercaptan or a salt 
thereof. 

3. The method of 1 wherein said, exogenous sulfur uum j uund is an oxidized 
sulfur consisting of sulfate, sulfite or thiosulf ate. 

4. One method of 2 or 3 wherein said homoserine-activating enzyme is 
selected from the group consisting of homoserine kinase, homoserine 
acetyl-transferase and homoserine succinyltransf erase. 

5. The method of 2 or 3 wherein said sulfur— incorporating enzyme is 
selected from the group consisting of O-succinylhomoserine (thiol) -lyase, O- 
acetylhomoserine (thiol) -lyase and plant cystathionine gamma synthase. 

6. The method of c 1 **™ 2 wherein said sulfur-in corpora ting enzyme converts 

9 homoserine and said hydrogen. or a salt thereof directly to homocysteine. 

i 

7. The method of 2 wherein said sulfur-incsrporating enzyme converts 
homoserine and sa id methyl mercaptan or a salt thereof directly to methionine. 

BNSOOCID: <WO 9317112A1 l_> 



WO 93/17112 



PCT/US93/01351 



8. The method of claim 3 Whftrein said sulfur-inoorparating enzyme converts 
hcnoserine directly to homocysteine. 

9. A method for enhancing homocysteine production in a fermentation jji m^frg of 
a microbial cell by modifying the methionine biosynthetic pathway of cell 
comprising the steps of: 

i. transforming or transducing a homoserine-activating enzyme gene 
fragment capable of expressing any said homoserine-activating enzyme but 
not including homocysteine methylase, and a sulfur^incorporating enzyme 
gene fragment capable of expressing said sulfur enzyme into said cell; 

ii. growing said cell under such conditions that transformation or 
transduction of both gene enzyme fragments are effected; 

iii. recovering a transformed or transduced cell; and 

iv. adding an exogenous sulfur compound other than methionine or cysteine 
to the said transformed or transduced cell as the sulfur source far 
homocysteine production. 

10* Ihe method of ^1*1™ 9 wherein said exogenous sulfur compound is a reduced 
sulfur compound co n sisting of hydrogen sulfide, or a salt thereof, 

11. The method of claim 9 wherein said exogenous sulfur compound is an mririirffrt 
sulfur compound consisting of sulfate, sulfite or thiosulfate. 

12. ihe method of claim 10 or 11 wherein said homoserine-activating enzyme is 
selected from the g ro up consisting of hamoserine kinase, homoserine 
acetyl-transferase and homoserine succiny Itransf erase . 

13. Ihe method of claim 10 or 11 wherein said sulfur-incorporating enzyme is 
selected from the group consisting of O-^uccinylhomceerine (thiol) -lyase, O- 
acetylhamciserine (thiol) -lyase and plant cystathionine gamma synthase. 

14. The method of claim 10 wherein said sulfur^incorporating enzyme c onverts 
homoserine and said hydrogen sulfide or a salt thereof directly to homocysteine. 

15. The method of claim 11 wherein said sulfur-incorporating enzyme converts 
homoserine directly to homocysteine. 
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16* 3he method of 1 or 9 wherein said transformed or transduced cell 

produces an amino acid that is greater than said amino acid of a non-t xar Bf unuud 
car "transduced cell* 

17. The method of claim 1 or 9 wherein said transformed or tainsduced ~*P is 
sel ecte d from the group consisting of Garynsbactmrza, Brevxbacteria or 
Escherichia anli. 
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